Abstract -This study describes an optimized protocol for the generation of Amplified Fragment Length Polymorphism (AFLP) markers in a stingless bee. Essential modifications to standard protocols are a restriction enzyme digestion (EcoRI and Tru1I) in a two-step procedure, combined with a touchdown program in the selective PCR amplification step and product labelling by incorporation of α[
INTRODUCTION
Since its introduction over ten years ago (Vos et al., 1995) , the methodology for generating amplified fragment length polymorphism (AFLP) markers has become increasingly popular for genotyping and genome mapping. A brief PubMed survey in 2005 returned over 1400 entries, most representing AFLP studies on plants and microorganisms, yet only 48 entries on the use AFLP strategies in insects. This is surprising considering the advantages of AFLP analysis over traditional DNA fingerprinting protocols such as RFLP (higher resolution) and RAPD (higher reproducibility) (Mueller and Wolfenbarger, 1999;  Corresponding author: G.R. Makert, gustavo@rge.fmrp.usp.br * Manuscript editor: Walter S. Sheppard Garcia et al., 2004; Nybom, 2004; Bensch and Åkesson, 2005) . Even though insects are generally rather small, it is not the quantity of DNA required for individual analyses that should hamper the generation of AFLP markers. Rather, when initiating a study on the stingless bee, Melipona quadrifasciata, we noted a series of problems with standard protocols that required optimization before reliable and consistent results could be obtained on genetic variation within and between colonies.
Stingless bees of the genus Melipona have long attracted research interest because of their peculiar mode of caste determination. Distinct from all other highly eusocial bees, the brood combs of Melipona species lack specific queen cells; rather, all male and female brood is reared in cells of similar size, provided with similar amounts of larval food (Ihering, 1903) . The proportion of queens in the female brood is exceptionally high in most Melipona species and shows relatively little variation when compared to the frequency of male brood (Velthuis et al., 2005) . These findings have spurred the formulation of two hypotheses. The first is a proximate explanation for caste determination, which proposes a genetic mechanism of caste determination. It is based on a two locus-two allele system where only females that are heterozygous at both loci can become queens. It was postulated over fifty years ago (Kerr, 1946 (Kerr, , 1950 , but despite a series of attempts it has never been conclusively confirmed experimentally or genetically. The second is an ultimate explanation for caste ratios in this genus which proposes that caste determination may be modelled on the basis of a potential conflict of interest over caste fate (Ratnieks, 2001) . This model, developed using a singlelocus inclusive fitness approach, attributes a certain degree of choice over caste fate (self determination) to the developing larvae.
Testing these hypotheses requires screening large numbers of polymorphic loci. Yet, genetic variability within species or even within colonies of stingless bees is still poorly studied, and different approaches have resulted in quite discrepant estimates. While levels of polymorphisms were observed to be low in isozyme studies (Falcão and Contel, 1990; Machado and Contel, 1991) , polymorphism levels of 25-45% were detected for RAPD markers when comparing Melipona quadrifasciata colonies (Tavares et al., 2001; Waldschmidt et al., 2002) . Since RAPD markers are frequently criticized for their notoriously low levels of reproducibility, we decided to adopt an AFLP approach to test whether this methodology can generate markers of appropriate quantity and reproducibility. Since AFLP combines the advantages of RAPD with the reliability of RFLP, this seemed like a promising strategy because RFLP mapping of the mitochondrial genome of different stingless bees already indicated high levels of genetic diversity among species (Francisco et al., 2001; Weinlich et al., 2004) .
We initiated this study with a commercially available and frequently employed system (AFLP Analysis system I, Invitrogen) which has been successfully used in a number of insect species, such as the gall midge Orseolia oryzae (Behura et al., 2000; Katiyar et al., 2000) , the fruit fly Ceratitis capitata (Corsini et al., 1999) , the damselfly Nehalennia irene (Wong et al., 2001) , the sweet potato whitefly, Bemisia tabaci (Göçmen and Devran, 2002) , the dung beetle Onthophagus taurus (Simmons et al., 2004) and also the honey bee, Apis mellifera (Suazo and Hall, 1999; Rueppell et al., 2004 ). Since we could not obtain reproducible results (consistent bands using the same DNA extracts as templates) with this system in the stingless bee M. quadrifasciata, even after testing different strategies of DNA extraction to obtain DNA of adequate purity for an insect AFLP study (Reineke et al., 1998) , we decided to go through a complete optimization process of the AFLP reactions with this species. The detailed description of critical steps given here may be of use to overcome similar problems in other problematic species and promote the use of this powerful methodology in a wider range of bee species.
MATERIALS AND METHODS

Bee samples
We collected a total of 580 adults of the stingless bee Melipona quadrifasciata Lepeletier from three colonies kept in the apiary of the Department of Genetics on the campus of the University of São Paulo at Ribeirão Preto over a period of one year. Brood combs containing brood in the late pupal stages were removed from the colonies and were kept in Petri dishes in a temperature controlled environment (28
• C). Bees emerging from the combs were sorted according to sex and caste and were snap-frozen individually in liquid nitrogen. Subsequently they were stored in 99% ethanol at -20
• C.
DNA extraction
DNA was extracted from the thoraces of individuals using a high-salt extraction protocol (Paxton et al., 1996) . Per bee we used 350 µL SET buffer (0.15 M NaCl, 0.02 M Tris, 1.0 mM EDTA pH 8.0), supplemented with 6.5 µL proteinase K (20 mg/mL) and 15.5 µL SDS (25%) for digestion at 55
• C for 2 h. Subsequently, 300 µL of 6 M NaCl were added and the samples were vortexed and centrifuged at 15 000 g for 10 min. The supernatant containing DNA (550 µL) was transferred to a new tube with 150 µL 10 mM Tris-HCl (pH 8.0) to which 1.4 mL ice-cold absolute ethanol was added. This was stored overnight at -20
• C to precipitate the DNA, then centrifuged at 12 000 g for 15 min to pellet the DNA. The pellet was rinsed in 70% ethanol, vacuum dried and dissolved in 100 µL distilled water. This extraction yielded approximately 5 µg DNA per bee, and 1 µL of this DNA (approximately 50 ng) was sufficient for each AFLP reaction.
Two-step restriction enzyme digestion, adapter primer ligation and amplification
Instead of the frequently used single-step digestion with restriction enzymes, we performed a twostep digestion. In the first reaction, the EcoRI digestion, 1 µL DNA was added to 20 µL Y+/Tango buffer (Fermentas) with 0.5 U EcoRI enzyme (Fermentas). This mixture was incubated for 30 min at 37
• C. For the second digestion step, 0.5 U Tru1I enzyme (Fermentas) in 1 µL Y+/Tango buffer was added to the reaction mixture of the first digestion step and rapidly heated to 65
• C for 30 min. At this temperature, EcoRI is inactivated and Tru1I has its optimal activity. For ligation of adaptor primers (all primers from Sigma-Genosys) to the restriction enzyme cleavage sites, we added to digestion products (21 µL) a mixture (4 µL) of 2.5 pmol EcoRI adapter and 25 pmol Tru1I-adapter (Tab. I) with 0.5 U T4 DNA-ligase (Fermentas) in T4 ligation buffer. These core primers are complementary to the EcoRI and Tru1I (MseI) adaptor oligonucleotides and have one additional 3' nucleotide (A or C respectively). The ligation reaction mix was incubated at 22
• C for 3 h. After ligation, the reaction mixture was diluted with 5 volumes of ddH 2 O and stored at -20
• C. The amplification protocol followed the original two-step amplification strategy (Vos et al., 1995) . For the preamplification reaction, 60 µM dNTPs, 25 ng of each preamplification primer (Tab. I), 200 µM spermidine and 0.5 U Taq DNA polymerase in 10× reaction buffer (Finnzymes) were brought to a volume of 11.5 µL before adding 1 µL of the ligation reaction as template. The preamplification reaction commenced with a 10 min denaturation step (95 • C), followed by a 30 cycle program (denaturation 30 s at 95
• C, annealing 60 s at 56
• C and extension 60 s at 72
• C) and terminating with a 20 min extension step at 72
• C. For the second (selective) amplification, the products of the preamplification reaction were diluted with 20 volumes of ddH 2 O.
The second (selective) amplification reactions were carried out in a total volume of 10 µL by adding 1 µL of the diluted preamplifiction reaction to a mix (9 µL) of 1 µL 10× amplification buffer (same as preamplification), 6 µM dATP and 200 µM each of dCTP, dGTP and dTTP, 25 ng of one of the EcoRI and 25 ng of one of the Tru1I amplification primers (Tab. I), 200 µM spermidine, 0.5 U Taq DNA polymerase and 1.25 µCi α[
33 P]dATP. The amplification reaction protocol started with a 10 min denaturation step (95 • C), followed by a touchdown cycle profile (45 cycles total), and terminated with a 20 min extension step at 72
• C. The touchdown profile (denaturation 30 s at 95
• C, annealing 60 s and extension 60 s at 72
• C) started with an annealing temperature of 65
• C which was gradually reduced by 0.7
• C in each of the following 12 cycles. In the final 33 cycles, the annealing temperature was kept constant at 56
• C. All amplification reactions were performed in an MJ Research PTC-100 thermal cycler.
Electrophoresis, autoradiography and analysis of AFLP bands
The amplification products of each reaction (10 µL) were mixed with 7 µL stop solution (20 mM EDTA; 0.1% xylene cyanol; 0.1% bromophenol blue; 96% formamide) and denatured for 5 min at 96
• C before they were electrophoretically separated under denaturing conditions (ca. 50
• C) on a 43 cm long sequencing gel (8 M urea; 6% polyacrylamide). As marker for comparison between gels and as internal standard to monitor the amplification reactions, we used a single DNA sample amplified by the primer combination EcoRI-aac/Tru1I-cta. The gels were dried for 2 h at 80
• C before exposure to X-ray film (Kodak Biomax) for 3 days.
In the 25 samples per colony of Melipona worker DNA that were run in parallel on each film, we counted all clearly visible bands and scored them as total bands per primer combination. In a second round we scored the percentage of polymorphic markers for each primer set and colony. By pairwise comparisons between the samples from the three colonies we next ascertained in a cumulative manner the total number of bands and the number of Table I . Oligonucleotide adapters and primers.
polymorphic bands that could be obtained by each primer combination.
Microsatellite analysis
For the analysis of microsatellite loci in the three colonies of Melipona quadrifasciata, we used 50 DNA samples of workers that were also used in the AFLP analyses. Of the microsatellite primers developed for Melipona bicolor (Peters et al., 1999) , Mbi105 and Mbi233 were the ones that gave the best results with the M. quadrifasciata samples, in terms of polymorphism and band resolution. The amplification reactions were carried out in a total volume of 25 µL, with PCR-Master Mix (Promega) and 400 nmol of Mbi105 or Mbi233 primer and 1 µL of template DNA under the following conditions: 94
• C for 3 min, 40 cycles of 94 • C for 30 s, 52
• C for 30 s and 72
• C for 60 s, followed by a final extension at 72
• C for 10 min. The amplification products were separated by electrophoresis in 6% polyacrylamide gels and revealed by silver staining (Sanguinetti et al., 1994) .
RESULTS
AFLP Protocol optimization
Since our initial attempts with a commercial AFLP kit did not give satisfactory results with DNA extracted from workers of the stingless bee M. quadrifasciata because bands generated by the same DNA template were not reproducible across AFLP trials,we systematically tested different DNA extraction procedures, restriction enzyme digestion protocols, and amplification and product labelling protocols. The final working protocol for this species is detailed in Section 2: Materials and Methods. Typical results of the series of adaptations and optimization steps are presented in Figure 1 .
The first step in the optimization process was the choice of the DNA extraction method. We initially tested a modified phenol/chloroform extraction that includes a proteinase K digestion step and addition of SDS. This method has been tested for genomic DNA analyses of stingless bees (Waldschmidt et al., 1997 ). Next, we tested an extraction protocol that uses a high salt (6 M NaCl)/ethanol precipitation of DNA in combination with SDS and a proteinase K digestion step. However, when used in conjunction with the commercial AFLP kit, we did not obtain satisfactory results with any these protocols (Fig. 1A) , even though all these methods resulted in high quality DNA. With the high-salt extraction method, which we finally adopted because of its ease of use, we obtained approximately 5 µg DNA per bee thorax.
Consequently, we decided to redesign the AFLP protocol itself, and this involved a series of sequential modifications. We had noticed that AFLP protocols with insect genomic DNA frequently substituted MseI, the enzyme used in the original protocol in conjunction with EcoRI (Vos et al., 1995) , for another restriction enzyme. Since we did not want to substitute the AFLP adaptor and primer combinations, we decided to test the efficiency of the restriction enzyme Tru1I in combination with EcoRI. Tru1I cuts at the same recognition site as MseI, but has a much higher optimum Figure 1 . Results of optimization steps in the AFLP protocol for the stingless bee, Melipona quadrifasciata. All DNA extractions on worker bees were performed with a high-salt buffer, SDS and proteinase K digestion. Fragments of digestion reactions were labelled by incorporation of α[
33 P]dATP and resolved on sequencing gels under denaturing conditions. (A) single-step digestion with EcoRI and MseI and two-step amplification with AFLP primers (Invitrogen) performed with different mixes of dNTP and varying concentrations of primers (0.3-1.0 ng/µL), shown in lanes 1-9; (B) two-step digestion with EcoRI and Tru1I followed by a two-step amplification with two sets of AFLP primers (lanes 1-8 EcoRI-aag/Tru1I-cat, lanes 9-16 EcoRI-aag/Tru1I-cta; these primers had the same sequence as those shown in Figure 1A) ; (C) digestion and the first round of amplification was performed as in Figure 1B , but the second, selective amplification followed a touchdown protocol. The 19 samples were analyzed with primer combination EcoRI-aag/Tru1I-cat.
temperature than MseI and EcoRI, thus requiring a two-step digestion protocol. While needing more pipetting steps, our two-step protocol could be performed in two 30 min incubations, whereas the usual double digest performed in a single-step in most AFLP protocols is much more time consuming, requiring an incubation for 2-3 h (Vos et al., 1995; Behura et al., 2000; Simmons et al., 2004 ). An initial typical result of the two-step digestion protocol performed on DNA extracted with the high-salt protocol is illustrated in Figure 1B . It shows a clear improvement when compared to Figure 1A , in terms of the number of scoreable bands. Yet, the markers were still too inconsistent, appearing in some reactions but not others using the same DNA template.
The refinement of the banding pattern into a high resolution and consistent AFLP profile for individual M. quadrifasciata workers was finally achieved by optimization of the amplification conditions into a touchdown protocol (Fig. 1C) . The preamplification step is a PCR with core primers that are complementary to the adapter sequence, plus one additional nucleotide at the 3' end (Forward Primer EcoRI-a; Reverse Primer Tru1I-c). The second amplification round uses longer selective adapter primers that have three overhanging nucleotides at their 3' end. Starting this second PCR round with a Tm of 65
• C and gradually dropping the Tm to 56
• C in a touchdown protocol allowed for higher stringency in the amplification reactions. As detection method, we opted for radioactive labelling of amplification products by incorporation of α[
33 P]dATP during elongation. This direct labelling is frequently used in microsatellite analyses (Paxton et al., 1996) and has also been employed in AFLP fingerprinting (Katiyar et al., 2000) . It eliminates the primer labelling step required in most radioactive PCR-based genotyping protocols. This direct labelling protocol may subtly affect band intensity in the autoradiographs since the degree of α[
33 P]dATP incorporation will depend on the AT-content of the synthesised fragments, though the effect is likely to be minor.
AFLP fingerprinting in Melipona bees
On the basis of the optimized protocol we could consistently amplify DNA samples of M. quadrifasciata workers that had emerged from brood combs of three colonies. Sampling bees as they emerged from the brood combs controlled for genetic origin, as drifting of adult workers among colonies can be a frequent phenomenon in these bees (Palmer et al., 2002) . The results for the primer pair EcoRIaag and Tru1I-cat are shown in Figure 2 for a set of 25 workers from each colony, illustrating the large number of scorable markers obtained with this protocol. In addition, it illustrates that most polymorphic markers fall into the median gel region (fragments from 100 to 1000 bp), which has excellent resolution. The larger markers (fragments > 1000 bp) are often represented as relatively weak bands, whereas the lower region of the gel (fragments < 100 bp) contains mainly monomorphic markers. Table II lists the total number of AFLP bands and the percentage that are polymorphic, detected by the four combinations of the two specific amplification primers. From these we calculated the percentage of polymorphic markers within each colony and the percentage overall polymorphism. A notable result is that with only four primer combinations we could score a mean of 630 markers for each M. quadrifasciata colony. Across all primer combinations for all colonies, 44% of markers were polymorphic. This figure represents the overall polymorphism for this set of colonies, whereas intracolony polymorphism varied between 27 and 38%. Intracolony polymorphism thus accounts for most of the genetic variation in this dataset. Nevertheless, there is still additional variation that can be detected when comparing rates of genetic polymorphism within colonies (27-38%) to the observed overall polymorphism (χ 2 , 22.85/2, P < 0.01). This genetic variation at the population level is not unexpected and is probably due to the mating of virgin queens with genetically unrelated males.
In contrast, the high degree of genetic variation among females collected from the same M. quadrifasciata colony was a surprising result if we consider that these colonies should have originated from a single queen that had mated with a single male. To confirm monandry and monogyny, we genotyped 50 workers by analysis of two microsatellite loci (Mbi105 and Mbi233). These showed allele patterns that were consistent with monogyny and monandry (data not shown), indicating that workers were full sisters.
DISCUSSION
Optimization steps in the AFLP protocol for Melipona quadrifasciata
High quality genomic DNA is a general demand in AFLP protocols and has proven critical in AFLP reactions with different insect species (Reineke et al., 1998) . Generally, these methods use CTAB and a phenol/chloroform extraction protocol. We modified this because previous studies describing DNA extraction procedures for stingless bees have shown the importance of a step incorporating proteinase K digestion and the substitution of CTAB by SDS (Waldschmidt et al., 1997) before the phenol/chloroform extraction. In addition, we tested a high-salt DNA extraction procedure that is frequently employed in microsatellite studies on bees (Paxton et al., 1996) . Since we did not obtain satisfactory results when using any of these extracts as DNA templates in conjunction with a commercial AFLP kit we concluded that the problems were more likely in the digestion and/or amplification steps, and not because of poor quality of extracted DNA. We decided to opt for the high-salt DNA extraction protocol because it is well-suited for a high-throughput protocol due to its relative simplicity and the low toxicity of chemicals employed.
The combination of restriction enzymes that has been explored and successfully standardized for AFLP analyses in plants and also shown in the panel for colony 48 was always generated as an internal marker by amplification of digested DNA for the same bee with the primer combination EcoRIaac/Tru1I-cta. In the electrophoresis runs it permitted consistent assignment of bands across gels. (Hawthorne, 2001) and PstI and TaqI in the silkworm (Tan et al., 2001 ). This suggests that the choice of restriction enzymes is an important step that demands attention in the establishment of AFLP protocols with insect species. In our experiments we substituted Tru1I for MseI in a two-step digestion and amplified the fragments in a touchdown-PCR protocol. With these modifications we obtained reproducible AFLP results with amounts of DNA that were at least 10 times lower than those used in most other studies on insects (Corsini et al., 1999; Behura et al., 2000; Hawthorne, 2001 ). An interesting question to be asked in this context, is why AFLP fingerprinting and QTL mapping performed in a single digestion step with EcoRI and MseI worked well for Apis cerana, A. nigrocincta (Smith et al., 2003) and A. mellifera (Arechavaleta-Velasco and Hunt, 2004; Rueppell et al., 2004) , but not for the closely related stingless bees that we investigated. The frequent substitution of MseI in restriction enzyme combinations for AFLP fingerprinting in insect species (Hawthorne, 2001; Tan et al., 2001 ) may be related to differing base composition of their genomes, especially AT-richness, and thus the probability of recognition site frequency. For the present case, however, this argument should not apply since MseI and Tru1I differ in temperature optima but not in restriction site. An interesting alternative to the protocol we present in this study could be a three-enzyme digestion system (Smith et al., 2003) .
Genetic polymorphism in Melipona quadrifasciata
The degree of overall genetic polymorphism detected by AFLP analysis in our dataset is similar to that observed in previous studies that employed RAPD approaches on either drones of M. quadrifasciata (Tavares et al., 2001) , or a much larger number of colonies collected from a wide geographical range (Waldschmidt et al., 2002) . Not surprisingly, all these DNA-based dominant marker systems revealed higher degrees of genetic polymorphism than isozyme studies that only examined one or few loci (Falcão and Contel, 1990; Machado and Contel, 1991) . Our results based on an AFLP methodology confirm the RAPD results at the population level. In addition, they show that a large part of this genetic variability is in fact due to an unexpectedly high level of polymorphism within colonies.
The high genetic variability that we observed within colonies of M. quadrifasciata poses an interesting problem that needs to be discussed at two levels. The first one is related to the mechanism(s) that may generate such genetic variation, and the second one concerns its population genetic implications. In relation to the first aspect, the high degree of polymorphism suggests that each locus may have several allelic states (maximum 3 per colony) with differing dominance relations among them and/or that some loci exhibit codominant rather than dominant inheritance. AFLP bands are generally treated as dominant markers, but careful quantitative analysis has also revealed evidence for codominance (Piepho and Koch, 2000) .
An alternative (or additional) mechanism that could account for the observed withincolony genetic variation would be a high recombination frequency. A much elevated recombination frequency was found in the honey bee, Apis mellifera (Hunt and Page, 1995; Beye et al., 1999) , exceeding by a factor of five the recombination frequencies in other Hymenoptera, including a bumble bee, Bombus terrestris (Gadau et al., 2001 ). Such high recombination frequencies are possibly related to levels of social organization. Particularly at the transition from primitively eusocial (bumble bees) to highly eusocial organization (honey bees) an increase in recombination frequencies could produce a genetically more diverse worker force and might reduce susceptibility to pathogen attacks (Gadau et al., 2001) .
Maintaining a genetically diverse worker population may be a much more severe problem for stingless bees than for the honey bee with its multiple mating system and a swarming process that disperses genotypes over a relatively large area. With the exception of the facultatively polygynous species Melipona bicolor (Nogueira-Neto, 1997; Velthuis et al., 2006) , all stingless bees colonies are headed by a single queen and in most cases, these queens had mated with a single male only (Paxton et al., 1999; Peters et al., 1999) . Furthermore, the swarming process in stingless bees is not an abrupt fission between the mother and daughter colonies, but rather occurs over a prolonged period. It involves intense traffic of workers and frequent transport of materials between the old nest and the new site (Engels and Imperatiz-Fonseca, 1990; Nogueira-Neto, 1997) , and therefore dispersal by swarming is slow and spatially restricted. The obvious consequences for small populations would be a decrease in genetic diversity if there were no counteracting mechanisms to maintain it. The significant contribution of workers to male production in many stingless bee species (Tóth et al., 2002 (Tóth et al., , 2004 Paxton et al., 2003; Velthuis, 2005) in conjunction with a high recombination frequency could represent mechanims that allow maintenance of sufficiently high genetic diversity in even relatively small populations of stingless bees. Even though high recombination rates have so far only been demonstrated for honey bees (Hunt and Page, 1995; Gadau et al., 2001) , studies on karyotype (Rocha et al., 2002) and mitochondrial genome evolution (Weinlich et al., 2004; Arias et al., 2006) suggest that stingless bees could harbor rather flexible genomes, as well.
In conclusion, we describe an optimized and efficient protocol for AFLP fingerprinting of a highly eusocial bee. This protocol primarily differs from the original one (Vos et al., 1995) in using a two-step restriction enzyme digestion with EcoRI and Tru1I. The large number of markers obtained in an analysis of worker bees from three colonies of the stingless bee M. quadrifasciata makes plain the potential of this optimized AFLP protocol in advanced genetic studies on stingless bees, especially for high resolution analyses as required for linkage analyses. Such linkage analysis on large numbers of queens, workers and males collected from single colonies should reveal whether or not and how many loci segregate with caste phenotype, thus allowing one to address the long-standing question of a genetic predisposition to caste in the genus Melipona.
In addition, AFLP-based linkage maps may provide a means to investigate the proposed association between levels of eusociality and recombination rates. Stingless bees are an interesting group for exploring this association. They are closely related to honey bees (Michener, 2000; Engel, 2001 ) and have attained a similar level of social organization. But they differ from honey bees in their sociogenetic colony structure since the workers comprising a stingless bee colony are generally all full sisters, produced by a singly mated queen (Paxton et al., 1999; Peters et al., 1999; Paxton, 2000; Palmer et al., 2002) .
Résumé -Une méthode optimisée pour générer des marqueurs AFLP chez une abeille sans aiguillon (Melipona quadrifasciata) révèle un fort degré de polymorphisme génétique intra colonie. Les études de génétique des populations et de cartographie des liaisons génétiques néces-sitent la production d'une grande quantité de marqueurs polymorphiques exploitables avec fiabilité. La méthode de l'AFLP (polymorphisme de longueur du fragment de restriction) peut générer rapidement des centaines de marqueurs reproductibles, permettant ainsi de caractériser le génotype avec une résolution élevée à des coûts relativement bas et une efficacité en temps élevée. Elle a été largement appliquée à la caractérisation des souches bactériennes et des cultivars de plantes et trouve maintenant son application dans le génoty-page animal. Les espèces d'insectes représentent souvent un défi pour cette technique, car elles requièrent fréquemment des étapes d'optimisation dans le protocole AFLP. Notre étude présente un tel protocole optimisé pour une abeille sans aiguillon, Melipona quadrifasciata Lepeletier. Les modifications les plus importantes apportées aux protocoles standards comportent une digestion de l'enzyme de restriction (EcoRI et Tru1I) dans une procédure en deux temps, combinée avec un programme « touchdown » (diminution progressive de la température d'hybridation des amorces) à l'étape d'amplification sélective par PCR et le marquage du produit par l'incorporation d'α[ 33 P]dATP (Fig. 1) . Lors d'une analyse de 75 ouvrières prélevées dans 3 colonies de M. quadrifasciata, nous avons obtenu un total de 719 marqueurs (Fig. 2) . L'analyse de la variabilité génétique a révélé un polymorphisme moyen des marqueurs intra-colonie de 32 % (Tab. II). Comparé au pourcentage global des marqueurs polymorphiques (44 %) détecté dans nos échantillons d'abeilles, les taux observés de polymorphisme intra-colonie sont remarquablement éle-vés, étant donné que les ouvrières d'une colonie descendent toutes d'une même reine fécondée une fois. Nous considérons que cela peut être dû à un taux élevé de recombinaisons, semblable à celui observé chez l'Abeille domestique (Apis mellifera L.). En raison de sa grande efficacité le protocole optimisé peut fournir un outil intéressant pour générer des cartes de liaisons génétiques pour les abeilles sans aiguillon, par exemple pour des études comparatives d'organisation du génome. En outre l'analyse de la ségrégation des marqueurs AFLP par le phénotype de caste peut fournir un outil pour aborder de manière empirique l'hypothèse de longue date et fort débattue de la prédisposition génétique des castes chez ce genre d'abeilles sans aiguillon. 
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